Protein encapsulation in unilamellar liposomes: high encapsulation efficiency and a novel technique to assess lipid-protein interaction.
To encapsulate a large amount of protein (superoxide dismutase, SOD) into unilamellar liposomes using a simple process and to investigate the lipid-protein interaction. To achieve protein encapsulation, preformed unilamellar empty liposomes were mixed with SOD and subjected to freeze-thaw cycling. To investigate the lipid-protein interaction, a novel light scattering technique was used. Up to 50% protein encapsulation was achieved at ∼150 nm. There was no significant change in particle size following the freeze-thaw cycling. SOD had a strong interaction with DPPC liposomes containing high concentration of cholesterol. Light scattering data revealed that in some cases the SOD molecules were present inside the lipid bilayer. The method reported here allows great flexibility in the manufacturing process as the liposome preparation and protein-loading operations can be separated. Accordingly, empty liposomes can be prepared without concern about protein stability, making the manufacturing process more flexible and easy to control and ultimately leading to improved product quality. To explain the SOD-lipid interaction, a "pocket-embedding" theory was proposed. The encapsulation method reported here can be applied to hydrophilic small molecules as well as most hydrophilic proteins to achieve high encapsulation efficiency.